Background. The efficacy of preventing perinatal transmission (PT) of human immunodeficiency virus type 1 (HIV-1) depends on both viral load (VL) and treatment duration. The objective of this study was to determine whether initiating highly active antiretroviral therapy (ART) before conception has the potential to eliminate PT.
The prevention of perinatal transmission (PT) of human immunodeficiency virus type 1 (HIV-1) had a major breakthrough 21 years ago, when the American-French randomized clinical trial ACTG076-ANRS024 [1] demonstrated a twothirds reduction of mother-to-child transmission using the antiretroviral drug zidovudine during the second and third trimesters of pregnancy, at delivery, and in the neonatal period. Progressively lower PT rates were observed with increasingly potent antiretroviral therapy (ART) [2] [3] [4] [5] [6] , and the current standard of care is triple antiretroviral combination therapy. The World Health Organization issued a goal of virtually eliminating mother-to-child (ie, perinatal plus breastfeeding) transmission of HIV worldwide by 2015. The use of ART to protect the exposed fetus from HIV transmission is a model for "treatment as prevention," which is now recommended on an individual as well as a population basis to prevent sexual transmission [7] .
Three main factors are associated with a residual risk of PT despite ART, in the absence of breastfeeding: detectable maternal viral load (VL) at delivery, preterm delivery, and a short duration of ART before delivery [4, 8] . These factors are related, because starting ART earlier improves the chances of obtaining an undetectable VL before delivery, provided that the woman takes the medications. The relationship between the duration of ART during pregnancy and the risk of transmission is well established [6, 9] . Until recently, treatment guidelines indicated that for women who are not yet receiving therapy and have CD4 lymphocyte counts >500/μL, the indication for ART is mainly prophylactic to prevent PT, and one important issue is when to start therapy. Most guidelines in industrialized countries are to initiate ART as early as possible. However, other guidelines still recommend starting at some point between 12 and 24 gestational weeks, depending on the baseline VL and the estimated risk of premature delivery [10] . These guidelines were based on data from the United Kingdom indicating that women with a baseline VL <10 000 copies/mL can delay ART to 26 weeks without compromising their likelihood of achieving an undetectable VL by delivery [11] . Findings from other studies, however, including a case-control study of PT in which Tubiana et al [9] studied women with low VLs at delivery, suggested that the risk of in utero transmission was increased with delayed ART, particularly in women with high baseline VLs. Early and sustained control of maternal VL was associated with lower PT.
Women are increasingly starting ART before becoming pregnant. The most recent US guidelines for preconception counseling now suggest starting ART when planning pregnancy [12] , and French HIV treatment guidelines are to offer ART to all HIV-infected persons regardless of CD4 cell counts and VL [13] . The objective of the current study was to quantify the reduction in the risk of PT associated with ART initiation before conception.
METHODS
The French Perinatal Cohort (ANRS CO1/CO11) is an ongoing, prospective, observational study involving 90 perinatal centers throughout France [4] . In each participating center, about 95% of all HIV-infected pregnant women are included, with informed consent. The study was approved by the Cochin Hospital Institutional Review Board and the French computer database watchdog commission. Clinicians are encouraged to follow current French national guidelines, which are updated at 2-year intervals [13] ; these include monthly follow-up during pregnancy with plasma VL assessment and pediatric follow-up from birth to 18-24 months.
All HIV-1-infected women enrolled in the French Perinatal Cohort delivering in metropolitan France between 2000 and 2011 were included in the study if they received highly active ART, defined as a regimen containing ≥3 drugs or 1 drug other than a nucleoside reverse-transcriptase inhibitor, during pregnancy. Women who received only reverse-transcriptase inhibitor monotherapy or dual therapy were excluded. However, women who switched from a combination therapy to monotherapy or dual therapy were included, as were the small number of women who received monotherapy with ritonavir-boosted protease inhibitors (PIs) [14] . Breastfeeding women were also excluded.
Plasma VL testing was performed locally, using polymerase chain reaction (PCR)-based techniques in nearly all cases. No centralized testing was performed at the time of inclusion, nor were samples retested subsequently for the purpose of the study. Thus, the cutoffs for HIV RNA detection changed during the 11-year period, from 500 to 50 copies/mL, <50 copies/mL becoming the standard after 2005. The data for VL and the ART regimen at delivery were those recorded nearest to the date of delivery. A child was considered infected if HIV-1 DNA or RNA PCR results were positive for 2 consecutive samples or if HIV-1 antibodies were detected at ≥18 months of age. A child was considered uninfected if HIV-1 DNA or RNA PCR results were negative ≥2 months of age and ≥1 month after ceasing all antiretroviral prophylaxis and/or if results of HIV-1 serology became negative, as described elsewhere [15] .
Statistical Analysis
We first compared maternal and infant characteristics according to the timing of ART initiation in 4 categories (before conception and at <14 , 24-27, and ≥28 gestational weeks), using χ Transmission rates were estimated with their binomial exact 95% confidence interval (CI). The analysis was then stratified according to timing at ART initiation and level of VL near delivery into 4 categories: <50 copies/mL or undetectable with a lower threshold (usually 20 copies/mL); undetectable with a threshold >50 copies/mL; detectable at 50-400 copies/mL; and ≥400 copies/ mL. We used logistic regression to compare PT rates specifically between women with delivery VLs of <50 or 50-399 copies/mL, independent of timing of ART initiation, and then performed logistic regression for all VL categories. SAS statistical software (version 9.3; SAS, Institute) was used for analyses
RESULTS
From 2000 to 2011, a total of 12 284 mother/infant pairs were enrolled in EPF (Enquête Périnatale Française), among whom 8678 (including 218 twin pairs and 1 set of triplets) were eligible for the study (Figure 1) . (Table 1) ART was initiated before conception in 47.2% of women (n = 4095), during the first trimester in 8.2% (n = 713), during the second trimester in 32.3% (n = 2803), and during the third trimester in 12.3% (n = 1067). Most ART regimens were PIbased triple therapy (82.5%) at the time of delivery. The overall proportion of women who were aware of their HIV diagnosis before becoming pregnant was 80.4%. The proportion was lower for those with treatment introduction beyond the first trimester; nonetheless, 59.8% of the women who started ART in the second or third trimester did know their HIV status before becoming pregnant. The majority of women (71.4%) maintained their initial ART regimen throughout the pregnancy. 
Timing of ART Initiation

Proportion of Virological Success
The proportion of women with VLs of <50 copies/mL at delivery was highest when ART was initiated before conception (75.4%) or in the first trimester (74.2%) and significantly lower when ART was initiated later, during the second (64.8%) or third (44.1%) trimester (P < .001).
Pregnancy Outcomes (Table 2) There were 16.1% preterm deliveries, of which most (12.7%) were moderately preterm (from 32 gestational weeks to 36 weeks + 6 days). The preterm delivery rate was similar in women who started ART before conception or during the 2 first trimesters (P = .32) and lower in those starting ART during the third trimester. We observed no difference in the incidence of stillbirths or in Apgar scores according to the timing of ART. The proportion of children with undetermined HIV status did not differ according to treatment timing.
PT of HIV-1 (Tables 3 and 4)
There was no PT (95% CI, .0%-.1%) among the 2651 women who started ART before conception, continued it during the pregnancy, and delivered with a VL of <50 copies/mL (Table 3) . Furthermore, there was no case of transmission among the small subgroup of 212 women initiating ART before conception who had an undetectable VL using older-generation kits with limits of quantification >50 copies/mL. Among the 4095 women receiving therapy before becoming pregnant, 7.6% (n = 312) had a treatment interruption in the first trimester. There were 4 cases of PT in this subgroup (1.3%); 2 of these children were born to mothers with VL <50 copies/ mL near delivery.
The VLs and timing of highly active ART initiation were independently associated with PT in logistic regression (Table 4) . Overall, the transmission rate increased from 0.2% (95% CI, .06%-.4%) b Comparison between groups initiating ART before conception or during the first or second trimester (because severe prematurity by definition would reduce the opportunity for initiation in the third trimester). c Including 4 children whose mothers stopped taking ART when becoming pregnant.
for women starting ART before conception to 0.4% (.09%-1.2%), 0.9% (.5%-1.3%), and 2.2 (1.4%-3.3%) for those starting ART during the first, second, or third trimester, respectively (P < .001). The transmission rate increased with VL at delivery: from 0.3% (.1%-.4%) when the VL was <50 copies/mL to 1.5% (.9%-2.4%) for VL 50-399 copies/mL and 2.8% (1.8%-4.2%) when the VL was >400 copies/mL (P < .001). None of the other variables included in the multivariate analysis were significantly associated with PT; these included maternal age, geographic origin, mode of delivery, gestational age, first ART used (PI based vs nonnucleoside reverse-transcriptase inhibitor based), receipt of intrapartum intravenous zidovudine or peripartum nevirapine, type of postnatal prophylaxis, and sex of the child. In the multivariate analysis, PT remained significantly higher in women delivering with a VL of 50-400 copies/mL than in those delivering with a VL <50 copies/mL, independently of when ART was initiated (adjusted odds ratio, 4.0; 95% CI, 1.9-8.2), and this difference did not change when all of the VL categories were considered (Table 4) . 
DISCUSSION
Remarkably, we observed no case of PT among nearly 2700 women who started ART before conception and had a plasma VL <50 copies/mL at delivery. This contrasts with a "natural" PT risk of 15%-20% [16] . Numerous cohort studies have reported very low PT with antiretroviral prophylaxis [6] , but this is the first to confirm that the virtual elimination of transmission is possible, with an upper 95% CI limit of 0.1%. The few cases of transmission in women who had VL <50 copies/mL at delivery occurred when therapy was started beyond the first trimester or interrupted during the pregnancy. The main strengths of this cohort study are its large size, multicenter recruitment in routine clinical settings, high participation rates at each center, low proportion of infants lost to follow-up, and prospective data collection before knowledge of infant HIV status, thus limiting selection and differential classification biases. Our findings show that the earlier ART was started, the lower the rate of PT, whether or not VL at delivery was <50 copies/mL. When ART was started in the first trimester, it was nearly as effective as when it was started before pregnancy. The duration of therapy was shown elsewhere to be an important determinant of PT risk in our cohort [4, 9] and others [6] . Moreover, PT was significantly lower when maternal VL at delivery was <50 copies/mL than when it was 50-400 copies/mL, confirming a recent report on a cohort from the United Kingdom and Ireland [6] .
There are several reasons to expect that long-term ART would optimize the prevention of in utero as well as intrapartum transmission, including the quality of immune restoration, reduction of proviral HIV-1 DNA in reservoirs, and better control of VL in various compartments, including the cervicovaginal tract. The relative contributions of ART duration and VL are difficult to investigate because they are highly associated, and statistical power is lacking because few cases of transmission are observed overall.
Our findings provide a strong argument for initiating therapy as soon as pregnancy is planned, even when there seems to be no immediate benefit for the woman's own health. In the French cohort in 2011, >40% of women were not yet receiving ART before becoming pregnant. Recent guidelines [13] recommend lifelong ART for all persons living with HIV, even when they are asymptomatic and have CD4 cell counts >500/μL. The rationale for this major change includes potential long-term benefit for the person's own health but also the prevention of transmission to sexual partners. The World Health Organization also endorsed in 2013 the objective of starting lifelong ART as early as possible in all HIV-infected pregnant women regardless of CD4 count and VL, referred to as Option B+ in the developing world [17] . In resource-poor settings with difficult access to care, starting ART as soon as possible can reduce the cascade of missed opportunities to eliminate PT, although there are obstacles to implementing such programs [18, 19] . More recently, the Panel on Treatment of HIV-Infected Pregnant Women in the United States recommended that all HIV-infected women contemplating pregnancy be placed on a maximally suppressive antiretroviral regimen [12] .
Initiating ART before conception has several practical advantages. Antiretroviral drugs can be chosen in light of pregnancy issues, to assess tolerance, adherence, and efficacy and to allow for continuity between preconceptional and prenatal care. Another major benefit is to protect the male partner during attempts to conceive, if he is HIV uninfected [20] . PT prevention is the first example and model for treatment as prevention [7] .
There are implications for perinatal management [12, 13, 21] . In the case of low maternal VL before delivery, Briand et al [22, 23] reported elsewhere that neither cesarean delivery [22] nor intrapartum preexposure prophylaxis with intravenous zidovudine [23] offer additional protection against PT. Regarding postnatal prophylaxis for the infant, future studies are required to evaluate whether treatment with several weeks of zidovudine or nevirapine is still necessary when the mother has longterm optimal VL control and does not breastfeed [24] .
When ART is started earlier, safety is a crucial issue [25] [26] [27] . Because the rate of PT is already low, the incremental benefit for the child of moving toward systematic first-trimester ART exposure must take into consideration even rare toxic effects. The efficacy of ART to prevent PT depends solely on maternal VL, but tolerance differs according to the individual molecules used. Although no increase in the overall incidence of birth defects has been reported, Sibiude et al [28] reported an increase in congenital heart defects associated with first-trimester exposure to zidovudine, and there is controversy regarding the risk of central nervous system anomalies associated with efavirenz in the first trimester [29, 30] . Preterm birth was increased in numerous studies among women receiving ART [31] [32] [33] [34] , in addition to the role of maternal HIV infection itself [33] . In the present study, the incidence of preterm delivery was >16%, much higher than in the general population in high-income countries [34] . However, there was no difference in the incidence of preterm delivery according to the timing of treatment, before or after conception.
In conclusion, the present study provides evidence in favor of offering ART to all HIV-infected women planning to become pregnant and initiating ART as early as possible in pregnancy in women who become pregnant before being treated. These indications, as well as the specific antiretroviral drugs to be used, should be decided with the patient on an individualized basis, taking into consideration both safety and PT.
Notes
